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[ﬁy‘”'"’ 4 s apmpen ded. . Remaining Figures are avallable 1n originil /n CIAT

Tt is known that a mumber of hish-alley steels have low
indexes of plasticity. Hot workine of these alloys has not
been properly studied. The purpose of the present investigation
is to reveal experimentally a direct cause for failure of these
alloys durine shaping, The plasicity of several steels of this
bype was investigated., This paper dezls with one of these alloys

as most characteristic by its brittleness.

The alloy in the shape of an ingol 35 mill

smeters in dianeter
was forsed under a flat hammer and @in semicircolsr dies at various
temperatwres, Tt shewed brittleness in every kind of workine,

The ingots were deteriorated under the first blows, forming a
stone-like fracture (Figure 1), Tn the case of forsing at high
temperatures a fracture scquired a necdle-like appearance sugpest-
ing dendritic structure (Figure 2). These two types of fracture
indicate 5%-certain relationship betwien tlie disintepration of

the wetal and t"e phase condition of the interlayers formed in

the zone of failure,
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T4, was decided to establish eAperimentally the shape and

position of these 1ayers, and the femperabure boundaries cf

their fo

ation. The method of gradient heatine was nged.
. Specimbnﬂ in the g ape ot 2ubix] 3( millineter strips were

cut out o2 inuehs. lach specimen ues inserted into a p(rcelaim

e € #illireter: in giameter and placed together with the

tube 3 a g, frmace inosuch a way Lhatoone enu (f the
specinen PTObVUdQU ot ¢ the [rnace, whereas bhe obher end

war kept, i the hieh-temp: ALTE

s1hc e conghant Levneras

tare W Sp the Tumact. ﬁ&oﬂc~}%wmﬂs

honsing o

placed pext bo the AR A specls o

coald e moves i bhe baie oy o Alsb .nce corre”

cnéins bo

Lhe Specinen length. Ter

das Te’ stered every centi-
meter ﬁﬂ‘*l}?frccoxm]e gravel.

Ton nweatin® L0€ gpecimen WiS pushed ot of e bube qoto

cold wiber for

. a1] stractires aitained by rpadient heating

aleng the lengty

of strip. & ricrospecimen Was B

epared TOT
ghe strip in the 1Lensitudinal direction and etehed.
o study the formaticn of ghe netwerk of interlayere,
photomicrowraphs were baken Ly & continuous rethod ab 733 and
71.CCO magﬂﬂ”icati«ﬂs for the Lemperature vanze from LoG to 1270¢, !

eparate elenents oOF

a cenbinaous micrograrh, taken ab

¥1rce waqnification, are given in

ure 3. The metal maintains
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dendritic structvre (Fieure 3, LOOY) to 1220C, At this

tnre range the light-colored phase is wradually coaru-

Lenper

-~

the process beins completed at 12000 with the formation

of light globules (Fisure 3, 1221%), the microhardness of which

amounts to 260-2¢5 at roum témperature., Under further heating

Jicht elobules e e digsolve partially, werging simultaneonsly

torether and forming strinss (Fieure 3, 1231°) and films; their
2 / 2

microhardness increases to Lz5, A light, phase with microbhardness
ws te 700 is accwnmlated al juncticns of films (indicated b
the arrow in Wigure 3, 123¢%), Still further, separate films
come towether and form grain voundaries (Figure 3, 12569 and
12679), i.e., a centinuous network of interlayers of microhardness
up to 300-L0C with wicrchardness of grains heltween 160 and 22(,

At temperatuves above 12709 the network, being fused first
of all, causes the formation of a needle-like fraction upon
deterioration of the alloy durineg deformaticn at gk tewperatures,

In the 1216-1256%range, light gl-bules lose their bond
with the base mass of alloy in the process of their conglomeration
into strings and {ilms. Careless grinding and polishing of a
specimen way resilt in the crusbling-out of globales, areating
darkened depressicns (Figure 3, 12169, 12210, 12310, 12399 and
12559),  Disrupted bond between globules and base weba” is

o

cause of stone-like fracture of alloy during deformation at 3 é

lowered temperatures. Tt appears that zlebules may form strines
I ¥ )
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films and networks not cnly in the process of heating the alloy,

but alsc in the prccess of deformation if this d

ormation is

realired nonuniformly.

i
i
|
!

Wonuniform deformation may be realirned by variocus methods
/1 7. The clesrest picture ¢ it may be obtained by swaiing
a cylincrica® specimen with a flat hawmer, when outer fricticon
exiats between the specimen end surface and hamer, With a

sufficient derrce of “rictiun, the end surfoce o s speclinen

(fo in I

awe L) may be entirely wedecd on the hawmer surface;
this phencuenon creates the mones T and IT of resirained

delormaticn which, like conics) wed:es, scueee out metal in

the direction of arross C-C.
The process of squeerine out is accompanicd by consideratle
shear defcrmation on Lhe sur ‘ace partine Lhe restrained zone

of deformaticn (conical wedse) and extrnded metal, As a result,

the metal layer at thc separabion sirface is overheated, The

degree of overleating depends on the e and eient of deforma=-
tion and on the thermal conductivity of the dceforned metal.

The grester the deformaticn ewtent and rate ot the specimen
and the lower the thermal conductivity of the deformed metal,
the greater will be the degree o overheating of the metal layer
under conditicns of nenuniform deformation.

The shape of the separation surface varies in the process

of swaging. In Figure l, the dobt

* line agb a, shows a

..)_J..
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separation surface at the initial stare, and line a b a at the
finul stare of the swasing process. Depending on the dedree
of overheating, the metal layer at the separation surface
undereoes structural modificaticns similar to those obscrved in
gradicent, beating. This asswiption was experimentally verified
for a number of irhe-alloy stoels.

ixperimentul dats for cne o7 imese steels, as the coet
characteristic alley, are presented nere,  Cylic rical suecinens
21 il limetors dn helrht and diamcler were swared by a drop
hareer wibh 9L kilograms weirht fron vardcus levels and at

varicns temperatnres, Resulbs ave given in the follawing Lavle,

wo of i
Specimen "
3= 5S¢ 2 Yisintegraticn
Y. 2 11 FH.h ? gheay crachs on side
suriace
3 -3 11.00 27.0 2 cinple shear crack on
side surface
3 - 1000 36,0 3 . Through shear cracks on
side surface
3-5 1170 17.9 1 single crack just maived
3-6 1Lce 1 No eracks

Figure 5 demonstrabes the appearance of the cracks on the side
surface of a spccimen. The table and Figure 5 show that cracks
do not appear only with small degrees o swaging, not exceeding

-5 -
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15 9/o, At great degrees of swaving (55 /o) and at a hien
temperature (1220%) the Specimen disintesrates considerably
under action of cenical wedges which squeeze out metal in the
direction of arrows ¢ - (Figure Ly Figure 5, specimen 3-1;
Figure 6), rracwr formatdon cegins Irom a centact surface at
points a (Fisure L), rracks become deeper alone the separation
surface aba, Ficroanalysis near thie cracks completely corrob-

orated the ansumption on the structura] me

icaticns in the over-

heatod meta) Jlaver at the separiticn surface aba,
Tipure 7 rerresents a sierograph oi structure in the =mone

iy of the crack end marked by the letter ¢ in Fipae &, crack,
terminated at the peint mavked by 1, may be seen in the apper
left corner. Tre dark band of the metal Jayer is a centinuation

of this craclk, '

is result of extensive displacement of tLhe sgueezed-ont
metal A alonw tle surface of tle none of restriined deformation

R, the layers adjoining crack and band were ovirh

d above

'
specimen tempevature, é.e., avove 12200, Sepregaticns of 1ichi,
globules in the form of bands with separation points 2 and 3
may be ohserved in the layer adiacent to the crack. The globules
formed a kind of filn from which they crumbled cut during pclish-
ing, leaving darkened depressions. The craci ibsels does not

reveal any band of globules since detericration occurred along

i - 6 -
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that band, ™ut near the edges of the crack, formation of
eglotules from the breken network may be ncticed on the zide of
the squecred-oul metal Ay and traces of crumiled amaloarated
“lehules may he scen on the side of te rvestrained vcne -,

A second band, 1-2 micrens thick,with censiderable cepresation

of Jieht eolobiles is located in the metal parallel to the craci

edre and b

nd 1-2-3, at a distance of abont 20 microns., This

hand ie ind! cd by the arrow with the letter a. 71 is darl
in dts upper prrt b, showing that smersine and crumblinm-out of

clobules occurred at th:

peint,

Sti11 lewer wncer the ba d a, a wider strip or buand, b, is
lecated al a distance of aboul A0 ricrons fro- the crack, The
t odckness of this tand is approxim%tely\}ﬁ microns, Clobules
within this band are arranged in strings and ferm a network, «s
was observed in the case of =ralient heatine (Firure 3, 12310
and 12569). The #lobiles are distrib bed uniforsly in the lower

part of the band, but ther are cr

bled out in some places
in the upper part.

Thus, it was demonstrated that, in the process of swagine
the specimen, bands ol the ebal layer at the separaticn surface

unde:

structural medifications approximately similar teo those
observed during ordinary *ecting of the alloy., These bands may
acquire various thicknesses and structures due teo the dezree

of overheating duri

17 nonniform deformation.

-7 -
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Clobules in more overheated bands tose ftheir bond

with the basic mass of the alloy durins the brocese of meragine,

T this case failure of the metal tales place along these bands

Consequently, a direct cause for Lhe det

brittle hich-allov stecla is plase transformation in the metal

de formed near the separatin: surfaccs of the soneczed-out

metal and restiained mones of defovmatiun, durine the recerns

of nonuniform defermation, rne qQuestion resains el an

hew a decrease of omnidirecti nal compression cccurs in Lhe

precess of deferaing Lhe specien wit™s a flat hammer,

li represents schematically, the destruction of

the siecinen 3-1 (i~ e 6), wrich was hested to 1220° ang

swaged 550/¢ betueen flot die nembers of a drep hamer, '
Tace surfaces o of the specimen, heing covered with scale,

were wedred by die menhers,  Tn the initial staze of swaning,

Lhe oxidised (scalc—CGVGred) side surface of the Specinen wag

moved on the contact surfaces, encomtering in its shifting

the resistince of the flat dic faces, Thus, tre centact S -

faces maintained intact in the gus

na process up te dimension

T, when the following phenomenon took place, Overheat sy

7 of
the metal layer at separation surface ala occurs in the deforma-

3

i tion process ag previously deas @d.  The temperaturc at these

points rises above the original temperature or the specimen ang
initiates the Process of mergins the globules intc strinvs,

-8 -
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films and networky i.c., the process, observed on micrographs
for 1230-1270°, besins its developmeni. Tue te this factor

the original bond is disrupted between restrained deformation

pone and metal under the sgueering-out prescure; bthe extrided
netal moves alons weakened porticns of the metal layer at the

separating surface. from this monent transition cf the side

surface to contact sn~faces is interryted. Tnstead, metd

berine Lo be squrered out in the shape of a wedge. Cverheszted

al without scale meves to the conbaclt suriaces irom the recsion

beneath the zmones of hampercd deformation., TFriction b

exty ided wetal and dic Taces decreess and, as a resull,

"glipy

el of porticns kool extruded metal alonsg the die sur-

face ta''es place, Since the centact sirfaces £ rerain wedged

n the die faces, these porticns k have inevitably to brealk

aay from the centact surfaces f at points a for a value s,

Tre cracks thus continue to develop te the extent
permitted by decrease of orpidirecticnal compression.
Tn contrast tr lonzitudinal shear cracis, described by

4,
. 1t - \ 'S ns \
S. T. Cubkin /1 /, the avthor sneres the term "slippansc cracks!

for the cracks here descr:

ved, They differ from shesr cracks

in that their fermation begine from the contact surface while

shear cracks originate from the side surface. Structural
medificaticns of bands in the metal layer at the separating

surface may occur only in the case when these bands, in the

Declassified in Part - Sanitized Copy Approved for Release 2012/04/11 : CIA-RDP82-00039R000200030006-1

i
i




0039R000200030006:

.
.
.
J
overheatine nrccess, reach the phase ranslormation terrperature i
of the rmiver alloy, which usnally reveals high plasticity in the
avsence of such a transformation,
An example Lo this effect may be presented by the desorma-
ticn of carbon steel it sinvle-phase gamima-reiui under
the condibion that b etal is noi preliminarily overheated
to the sclidus line, nten suazing of carben steel av
poom berperalure oy cred.e a condition where a band of the retal
room Lerperatire o
. . VNN A
layver will e overheated and will ' eceme ansocpl .
n. . - Aes
Cold layers o ~etal the aus cpltic band, draw
ol at an cxtre-ely s A vesaly, hardenine of
the baw rloee nro bie structure, Tt should
G i5
highe ©an that - L hi o the first time, bands
e sbeel s were cele Yoo, traveo-Tarnavelily [ 2;7.
v, o, Davidentov /73 7 and L Ve %ﬂyuggw /"7 estaplished
Ll o L
] e sitic,
tLror's expe corroberaten the presence ..f
avm-Tarnavsiiy bands in carbon sveel not ¢ speciiiens
gwaned at roor termerature bub al all tenprratures ip to Lie
W A, (Mgure O, G20V, 44 the sace tive, such bants dJere
‘ not detected in & s heated gradiently in the
za on (Figure 9). :
- 10 -
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oS Goetnik eballopranyshlennosti, Ve §-10
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1730

L

gelvakov, . e oand Cen, 5, M-Tay

" o 1 e (
Wovestark etallosromyshloniostiL, o =10y 15

Tarnavelily

b
Capbions under Tllustraticns _

jon of the Tazot Duwriap wepeing--totone- !

mienre 1. Delerior
Tike! fracture.

i i & thg Tnoot Mardine Teraine--"needle-
», Deberioratism of the Tngot thurin orering f

L

tomicr

-allcy steel

rigure 3. Pho graphs of an

: 2t 100 s

subiected to gradient heating ab LOO=-127C° range.
Rt v
5 tien: X1000.

wigure L Gehematic Drawing Showing formation of "Slippage

Swazing of ¢ indrical Specisen with Flat
Cracks" During the Swazing of a Cylindrical Speclner wit la

Tace Dics.
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i wisure 5. Cracl Fermation in Specimens of a Trittle Allcy
\ in Respeet to bhe Txtent o owith Tlat Face Dies.
mure 6, Cross-Secticnal View of Speelaen 3-1 (figure 5)
Pigure 7. Ficrostructure of the Cverheated “otal Layer
Chtained in the Process of Nenuniform Deformation of &pecimen
31 (¥ A 16
Firre B, Twe Parallel "ands (Indicated by Avrods ), Formed
as Nesalt of Swaying a LxbxH0 millineter Specilaen Heated
(radiestly in L2u-70C Ranse. Steel T-b
[ Fieure 6. Specimen (5x5x6C rilliveter) eated Cracdiently in
150-0500 Range and Swagcd Tnder Drop ”@mwer with Flab Tace
Diey "ands Nid not Appear. Gheel T-Y
- .A] -
1
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